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ed one-pot synthesis of
polysubstituted pyridine system incorporating
benzothiazole moiety via sustainable sonochemical
approach†

Hamada Mohamed Ibrahim, *a Wael Abdelgayed Ahmed Arafa ab

and Haider Behbehani*c

The efficient, highly convenient synthesis of polysubstituted pyridine derivatives was established via the

reaction of N-(benzothiazol-2-yl)-2-cyanoacetamides with an assortment of arylidene malononitriles

and arylidene ethyl cyanoacetates in the presence of L-proline as an efficient organocatalyst for this type

of ultrasonic-mediated Michael addition. The mechanistic pathway and factors affecting this reaction

were also established. The main characteristics of this procedure are high yields, use of a cost-effective

catalyst, and easy work-up and purification.
Introduction

Over the last few decades heterocyclic compounds have pre-
sented tremendous opportunities in the eld of therapeutics
and drug design. Many of these compounds play an impor-
tant role in human life, plants and animals and have now
been identied in all aspects of life. Among the heterocyclic
compounds, the interesting aza-heterocycles are very
important in medicinal chemistry. The presence of nitrogen
may modulate the electron distribution inside heterocycles,
leading to the modication of both the chemical and physical
characteristics of these compounds, which also leads to
modication in their biological properties and metabolic
pathways.1 One of the most remarkable nitrogen-containing
heterocycles is pyridine and its outstanding derivatives
since it is the basic moiety in many natural products such as
alkaloids.2,3 Moreover, pyridine-containing heterocycles have
various biological and pharmacological activities, such as
anti-microbial,4–6 anti-viral,7,8 antioxidant,9 anti-diabetic,10

anti-cancer and anti-tumor,11–14 anti-malarial,15,16 anti-
inammatory,17,18 and anti-amoebic activities.19 In addition,
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some pyridine-containing compounds exhibit analgesic
potency20 and enzyme inhibition.21 Furthermore, pyridine
ring systems are used in medicine for the treatment of iron
overload disease via the chelation effect of these
compounds.22 Additionally, benzothiazole is one of the most
signicant heterocycles, which is the core structure of many
pharmaceuticals and natural products.23–25 Recently, the
concept of organocatalysis and sonochemical reactions has
signicantly grown as a result of both the juvenility of the
concept and, more importantly, the selectivity and effective-
ness of many organocatalytic reactions. Moreover, the soni-
cation process has more inherent advantages compared to
conventional heating, such as higher yields, moderate reac-
tion conditions, shorter reaction times and easier work-
up.26–28

Consequently, due to the above intriguing characteristics
and applications, pyridines and fused pyridine derivatives are
notable structures, which have attracted the interest of
synthetic organic chemists.29,30 However, although numerous
protocols have been developed in the last decade for the
synthesis of multisubstituted pyridine derivatives,31–33 the
development of highly efficient, convenient methods for the
synthesis of polysubstituted pyridines is still a major demand
in modern synthetic chemistry. Recently, in our laboratory we
directed our effort to the development of efficient protocols for
the synthesis of pyridine and fused pyridine derivatives.34–37 As
a continuation of our research towards developing these
protocols utilizing green methodologies,38–41 herein, we report
an efficient, eco-friendly strategy for the synthesis of poly-
substituted pyridine derivatives utilizing L-proline as an eco-
friendly organocatalyst, which is mediated by ultrasonic irra-
diation as an efficacious green energy source.42,43
This journal is © The Royal Society of Chemistry 2018
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Table 1 Optimization of the conditions for the synthesis of 7aa

Entrya Catalyst Solvent Method Time (min) Yield (%)

1 Piperidine EtOH Heating 120 59
2 Piperidine EtOH US ))) 20 85
3 Morpholine EtOH Heating 120 43
4 Morpholine EtOH US ))) 20 77
5 L-Proline EtOH Heating 120 74
6 L-Proline EtOH US ))) 20 95
7 DBU EtOH Heating 120 30
8 DBU EtOH US ))) 20 45
9 DABCO EtOH Heating 120 41
10 DABCO EtOH US ))) 20 52
11 Imidazole EtOH Heating 120 35
12 Imidazole EtOH US ))) 25 56
13 L-Proline H2O Heating 120 NRb

14 L-Proline H2O US ))) 60 NRb

a Reaction conditions: N-(benzothiazol-2-yl)-2-cyanoacetamide (4a) (5
mmol), 2-benzylidenemalononitrile (5a) (5 mmol), in solvent (20 mL)
and catalyst (10 mol%) (in case of US, the temperature was 80 �C at
110 W). b NR: no reaction.
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Results and discussion

The synthetic strategy of our research to obtain the targeted
compounds commenced by preparing benzothiazole cyanoa-
cetamide derivatives 4a and b, which were prepared by the
treatment of the 2-amino-benzothiazole derivatives 3a and
b with a preheated mixture of cyanoacetic acid (1) in acetic
anhydride under sonication (Scheme 1).

The formed benzothiazole cyanoacetamide derivatives 4a
and b represent valuable precursors to be tested for the
synthesis of polyfunctional substituted pyridine derivatives.
Thus, the active methylene moiety in the N-(benzothiazol-2-yl)-
2-cyanoacetamide derivatives 4a and b has high capability to
undergo nucleophilic addition reaction with a variety of elec-
trophilic reagents, such as arylidene malononitriles 5a–h via
aMichael-type addition reaction.44–46 Thus, in this context of our
study, which aimed to establish the best reaction conditions for
the synthesis of pyridine derivatives via a green methodology,
the reaction between N-(benzothiazol-2-yl)-2-cyanoacetamide
(4a) and 2-benzylidenemalononitrile (5a) was tested in the
presence of different types of organocatalysts as a model reac-
tion. Firstly, we applied piperidine as catalyst to conduct the
cycloaddition reaction between N-(benzothiazol-2-yl)-2-
cyanoacetamide (4a) (5 mmol) and 2-benzylidenemalononi-
trile (5a) (5 mmol) in ethanol (20 mL) under both conventional
heating and ultrasonic irradiation to study the effect of the type
of energy source, and the results are listed in Table 1. The
structure of the obtained product was assigned as 6-amino-1-
benzothiazol-2-yl-2-oxo-4-phenyl-1,2-dihydro-pyridine-3,5-
dicarbonitrile (7a) based on the data obtained from several
analysis tools, such as 1H NMR, 13C NMR, and mass and
accurate mass determination. Moreover, this structure was also
conrmed by the X-ray single crystal structure determination
(Fig. 1 and Scheme 2). It is worth mentioning that the pyridine
derivative 7a was obtained earlier by Stetinova et al.47 through
a comparable route via the reaction of 3-aryl-N-(2-
benzothiazolyl)-2-cyano-2-propenamides (6) with malononitrile
in ethanolic solution containing piperidine. However, the main
disadvantage of their route is the low yield of the obtained
pyridine derivative 7a in comparison with our synthetic
Scheme 1 Synthesis of benzothiazole cyanoacetamide derivatives 4a an

This journal is © The Royal Society of Chemistry 2018
procedure, even with the use of piperidine as the catalyst
(Scheme 2). As shown in Table 1 (entries 1 and 2), the use of
ultrasonic irradiation as the mode of activation for our reaction
incredibly increased the reaction yield from 59% (which was
obtained using only thermal heating) to 85%. Also, as noted, the
reaction time was remarkably minimized from 2 hours (using
conventional heating) to 20 minutes (using ultrasonic irradia-
tion). From the results depicted in Table 1, we observed that this
cycloaddition reaction could be effectively catalyzed by L-proline
Table 1 (entry 6), while piperidine, morpholine, DBU, DBACO,
and imidazole are less effective organocatalysts since they
afforded lower yields. This may be attributed to the zwitterionic
characteristic of L-proline, which makes it act as a bifunctional
catalyst, in addition to the H-bonding of proline in the enamine
transition state playing an essential role in the reaction
outcome. Furthermore, an enhancement was observed for both
the reaction rate and yield when the above-mentioned reaction
was conducted under ultrasonic irradiation (at 80 �C, 110 W).
The use of ultrasound irradiation in chemical reactions in
d b.

RSC Adv., 2018, 8, 37606–37617 | 37607
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Fig. 1 X-ray single crystal structure determined for compound 7a.

Scheme 2 Synthesis of benzothiazol-2-yl-pyridine derivative 7a.

Table 2 Optimization mol% of L-proline for the synthesis of 7aa

Entrya
mol%
of L-proline Method Yield (%)

1 100 US ))) 27
2 50 US ))) 38
3 30 US ))) 53
4 20 US ))) 69
5 15 US ))) 82
6 10 US ))) 95
7 5 US ))) 93
8 2 US ))) 88

a The mixture of N-(benzothiazol-2-yl)-2-cyanoacetamide (4a) (5 mmol)
and 2-benzylidenemalononitrile (5a) (5 mmol), in ethanol (20 mL) and
L-proline was sonicated at 80 �C, 110 W.
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solution, as an alternative energy source, has many advantages,
including dramatic improvements in both stoichiometric and
catalytic chemical reactions. In some cases, ultrasonic irradia-
tion can increase the reactivity and the reaction rate by nearly
a hundred-fold, which proceeds by the generation, growth, and
collapse of acoustic bubbles in the reaction mixture. Accord-
ingly, this assists in decreasing the reaction time and signi-
cantly enhancing the reaction yield. Then, we tried to use water
as a green energy solvent to conduct the above reaction;
however, we were unsuccessful mostly because most organic
compounds do not dissolve adequately in water, as shown in
Table 1 (entries 13 and 14).48 Alternatively, ethanol performed
well as the reaction medium since it is a comparatively
nonhazardous solvent to the environment, as shown in Table 1
(entry 6).49

Then, to estimate the inuence of catalyst loading on this
procedure, the model reaction (Scheme 2) was conducted by
applying different amounts of L-proline. The results depicted in
Table 2 conrmed that 10 mol% L-proline is the preferable
molar ratio, which afforded the coveted product in excellent
yield of 95%, Table 2 (entry 6). When the molar ratio of L-proline
37608 | RSC Adv., 2018, 8, 37606–37617
was increased more than 10 mol%, the yield diminished, Table
2 (entries 1–5). Moreover, when the loading of the catalyst molar
ratio was less than 10 mol%, the desired product was obtained
in a slightly lower yield than that with 10 mol% of L-proline,
Table 2 (entries 7 and 8).
This journal is © The Royal Society of Chemistry 2018
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Scheme 3 Synthesis of 6-amino-1-benzothiazol-2-yl-2-oxo-4-arylpyridine-3,5-dicarbonitrile derivatives 7a–i.

Table 3 The reactions of N-(benzothiazol-2-yl)-2-cyanoacetamide derivatives 4 with arylidenemalononitriles 5a

Entry Products X Ar Yield (%)-mp (�C)
Reported yield
(%)-mp (�C)

1 7a H C6H5 95/300–302 34/299–302
2 7b H 4-Me–C6H4 91/300–301 17/299–301
3 7c H 4-MeO–C6H4 92/above 300 17/308–311
4 7d H 4-Cl–C6H4 87/above 300 25/315–317
5 7e H 4-NO2–C6H4 90/above 300 32/306–309
6 7f H 3-NO2–C6H4 89/above 300 —
7 7g H 2,4-MeO–C6H4 96/above 300 —
8 7h H C4H3S 90/above 300 —
9 7i F 4-Cl–C6H4 94/above 300 —

a Reaction conditions: the mixture of N-(benzothiazol-2-yl)-2-cyanoacetamide derivatives 4 (5 mmol) and arylidenemalononitriles 5 (5 mmol) in
ethanol (20 mL) and L-proline (10 mol%) was sonicated at 80 �C, 110 W for 20 min.
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With the optimized green methodology in hand, we inves-
tigated the scope of this method for the synthesis of the
benzothiazol-2-yl-pyridine derivatives 7a–i. This methodology
was found to be applicable for the synthesis of a wide range of
Fig. 2 X-ray single crystal structure determined for compound 7b.

This journal is © The Royal Society of Chemistry 2018
pyridone derivatives 7a–i through the reaction of N-
(benzothiazol-2-yl)-2-cyanoacetamide (4a) and 2-cyano-N-(6-
uorobenzothiazol-2-yl)acetamide (4b) with an assortment of
arylidenemalononitriles 5a–h in ethanol containing 10 mol% of
RSC Adv., 2018, 8, 37606–37617 | 37609
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Fig. 3 X-ray single crystal structure determined for compound 7d.

Fig. 4 X-ray single crystal structure determined for compound 7i.

Scheme 4 Reaction of 4a with 2-(4-dimethylaminobenzylidene)malononitrile 8.

37610 | RSC Adv., 2018, 8, 37606–37617 This journal is © The Royal Society of Chemistry 2018
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Scheme 5 Reaction of 4a with ethyl-2-cyano-3-arylacrylates 10a–c.

Scheme 6 Plausible mechanistic pathway for the formation of polysubs

This journal is © The Royal Society of Chemistry 2018
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L-proline under ultrasonic irradiation. It afforded the corre-
sponding 6-amino-1-benzothiazol-2-yl-2-oxo-4-arylpyridine-3,5-
dicarbonitrile derivatives 7a–i in excellent yields, as summa-
rized in Scheme 3 and Table 3. In a similar manner to that used
to characterize 7a, the structures of 7b–i were also determined
from their full spectral data, which included 1H and 13C NMR
spectra, IR, MS and HRMS and representative examples by X-ray
crystallographic analysis for compounds 7b, 7d and 7i, as
depicted in Fig. 2–4.

In contrast to the previously noted chemistry, the benzo-
thiazolylcyanoacetamide derivative 4a was reacted with 2-(4-
dimethylaminobenzylidene)malononitrile 8 to afford the aryli-
dene derivative 9 and not the corresponding pyridone derivative
7j. This may be attributed to the presence of a para-dimethyla-
mino substituent in the aromatic moiety of the aldehyde, which
is a donor-aromatic–acceptor structure. This facilitates the
elimination of the malononitrile moiety rather than the cyclo-
addition of the NH moiety at CN, which is consistent with an
earlier study.44 The arylidene derivative 9 could also be obtained
through the condensation reaction between the cyanoaceta-
mide derivative 4a and 4-dimethylaminobenzaldehyde in EtOH/
L-proline (Scheme 4).
tituted pyridone derivatives 7.

RSC Adv., 2018, 8, 37606–37617 | 37611
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Furthermore, to expand and generalize this L-proline cata-
lyzed Michael-type addition reaction, we investigated the reac-
tion of the N-(benzothiazol-2-yl)-2-cyanoacetamide (4a) and
ethyl-2-cyano-3-arylacrylate derivatives 10a–c. The sonication
of N-(benzothiazol-2-yl)-2-cyanoacetamide (4a) with ethyl-2-
cyano-3-arylacrylate derivatives 10a–c in ethanolic solution
containing L-proline afforded the product, where structure 11
was assigned and not 12 based on the different spectrometric
analyses (Scheme 5). For example, the 1H NMR spectrum of the
reaction product was devoid of the triplet and quartet signal set,
which is due to the ethyl ester. Also, it revealed sets of multiplets
in the region d z 7.4–8.7 ppm due to the aromatic protons
signals besides the singlet signal at dz 13.3 ppm, which is due
the hydroxyl group proton. In addition, all the data obtained
from the IR, MS, HRMS and 13C NMR spectra are consistent
with the hydroxypyridone structure 11.

Remarkably, various factors make this Michael addition
protocol for the synthesis of multisubstituted pyridone deriva-
tives highly appealing. These include the uncommonly high
efficiency of the reaction, which was manifested in the excellent
yield of the reaction product in comparison with the reported
procedure for the assembly of 7, the employment of ultrasonic
irradiation as a clean, sustainable energy source, simple workup
procedure and moderate reaction conditions. The plausible
mechanistic pathway for the formation of the multisubstituted
pyridone derivatives 7 is presented in Scheme 6. It is believed
that the enamine adduct A was rstly formed between the cya-
noacetamide 4 and L-proline, then the last intermediate
underwent nucleophilic addition to 2-arylidenemalononitriles
Scheme 7 Reaction of cyanoacetamide 4a with the enaminone 13.

37612 | RSC Adv., 2018, 8, 37606–37617
5a–h to generate the non-isolable intermediate B, which
underwent intramolecular cyclization via the attack of the NH
moiety at CN to form the pyridine-imine intermediate C. In the
presence of water and by losing one hydrogen molecule, the
intermediate D was liberated, which eventually rearranged to
afford the corresponding pyridone derivatives 7 (Scheme 6).

Furthermore, the cyanoacetamide 4a was reacted with the
enaminone 13 in a buffered solution of acetic acid containing
anhydrous sodium acetate under ultrasonic irradiation to afford
a product whose structure was assigned as pyridone 17 based on
the obtained results from different spectrometric analyses. For
example, the 1H NMR spectrum exhibited two NH signals due to
the amide NH and the pyridone NH at dz 13.22 and 13.59 ppm,
respectively, in addition to two doublets at dz 6.96 and 8.54 ppm
for the two adjacent C–H protons in the pyridone ring, plus sets
of multiplets in the region d z 7.96–8.55 ppm, which are due to
the aromatic proton signals. Also, MS and HRMS showed the
exact molecular weight corresponding the pyridone structure 17.
Moreover, the data obtained from the 13C NMR spectra clarify the
presence of two signals due to 2C]O groups. Thus, we postulate
that cyanoacetamide 4a underwent nucleophilic addition to the
enaminone 13 to give the non-isolable adduct 14, which by
elimination of the dimethylamine moiety afforded the interme-
diate 15, which underwent intramolecular cyclization via the
attack of the OH moiety at CN to form the pyrane-imine inter-
mediate 16, and eventually rearranged to afford the corre-
sponding pyridone derivative 17 (Scheme 7).

Finally, with the aim to evaluate the scalability of the L-
proline catalyzed research protocol reported in this study, we
This journal is © The Royal Society of Chemistry 2018
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Scheme 8 Scaled-up synthesis of compounds 7a and 11a.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
N

ov
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 2

/1
1/

20
26

 1
1:

57
:1

2 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
conducted this reaction on a gram-scale under the optimized
reaction conditions, which furnished the desired products 7a
and 11a, as representative examples, in excellent yields of 95%
and 93%, respectively (Scheme 8).
Conclusion

In the present research, L-proline was successfully employed as
an environmentally precious organocatalyst for the synthesis of
a variety of polysubstituted pyridone systems incorporating the
benzothiazole moiety. In combination with the use of ultrasonic
irradiation as a sustainable energy source for conducting, this
synthesis makes it valuable in comparison with the traditional
methods. The current protocol has several unrivaled merits
including excellent yields of reactions that may signicantly
participate in the commercialization of drugs. In addition, it
utilizes a cost-effective catalyst and has easy work-up and
purication. Also, in terms of efficiency, the use of ultrasonic
irradiation for this process proved to be superior.
Experimental
General

Melting points were recorded on a Griffin melting point appa-
ratus and are uncorrected. IR spectra were recorded using KBr
disks on a Jasco FT-IR-6300 spectrophotometer. 1H NMR (400
MHz or 600 MHz) and 13C NMR (100 MHz or 150 MHz) spectra
were recorded at 25 �C using DMSO-d6 as the solvent with TMS
as the internal standard on a Bruker DPX 400 or 600 super-
conducting NMR spectrometer. Chemical shis are reported
in ppm. Low-resolution electron impact mass spectra [MS (EI)]
and high-resolution electron impact mass spectra [HRMS (EI)]
were obtained using a high resolution GC-MS (DFS) thermo
spectrometer at 70.1 eV and a magnetic sector mass analyzer.
This journal is © The Royal Society of Chemistry 2018
The reactions were followed and the homogeneity of the
prepared compounds veried using thin layer chromatography
(TLC). X-ray crystal structures were determined using a Rigaku
R-AXIS RAPID diffractometer and Bruker X8 Prospector, and the
collection of single crystal data was done at room temperature
using Cu-Ka radiation. The structures were solved using direct
methods and expanded using Fourier techniques. Non-
hydrogen atoms were rened anisotropically. The structures
were solved and rened using the Bruker SHELXTL soware
package (structure solution program - SHELXS-97 and rene-
ment program – SHELXL-97).50 Data were corrected for
absorption effects using the multi-scan method (SADABS).
Sonication was performed in an MKC6, Guyson ultrasonic bath
(Model-MKC6, operating frequency 38 kHz � 10% and an
output power of 110 W) with a digital timer (6 s to 100 min) and
heater, which allowed the solution to be heated from 20 �C to
80 �C in 1 �C increments. The inner tank dimensions were 150
� 300 � 150 mm (length � width � depth) with a uid capacity
of 6 L. The N-(benzothiazol-2-yl)-2-cyanoacetamide derivatives
4a and b were prepared according to a literature procedure with
slight modication.51
General procedure for the preparation of the cyanoacetamide
derivatives 4a and b

A solution of cyanoacetic acid (1) (10 mmol) in Ac2O (10 mL) was
sonicated in an MKC6, Guyson ultrasonic bath (Model-MKC6,
operating frequency 38 kHz � 10% and output power of 110
W) for about 1 min until the cyanoacetic acid was completely
dissolved. Then, the appropriate 2-aminobenzothiazole deriva-
tives 3a and b (10 mmol) were added to the reaction mixture,
and sonication was continued for a further 5 min at 80 �C. The
reaction mixture was le to cool to room temperature. The solid
product formed was collected by ltration and recrystallized
RSC Adv., 2018, 8, 37606–37617 | 37613
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from the appropriate solvent and identied as (4a and b,
respectively).

N-(Benzothiazol-2-yl)-2-cyanoacetamide (4a).51 Recrystallized
from EtOH/dioxane mixture (1 : 1) as creamy white crystals,
yield: 2.15 g (99%), mp 220–221 �C; IR (KBr): 3288 (NH), 2261
(CN), 1688 cm�1 (CO); 1H NMR (DMSO-d6): d¼ 4.14 (s, 2H, CH2),
7.29–8.01 (m, 4H, Ar–H) and 12.74 (br, 1H, NH); 13C NMR
(DMSO-d6): d ¼ 27.3 (CH2), 116.0 (CN), 121.5, 122.6, 124.7,
127.1, 132.3, 149.1, 158.4 (Ar–C) and 163.8 (CO); MS (EI):m/z (%)
217 (M+, 31.93), 218 (M+ + 1, 4.6). HRMS (EI): m/z calcd for
C10H7N3OS (M+) 217.0304, found 217.0304.

2-Cyano-N-(6-uorobenzothiazol-2-yl)acetamide (4b). Recrys-
tallized from EtOH/dioxane mixture (1 : 1) as yellowish white
crystals, yield: 2.3 g (98%), mp 193–194 �C; IR (KBr): 3305 (NH),
2258 (CN), 1685 cm�1 (CO); 1H NMR (DMSO-d6): d¼ 4.12 (s, 2H,
CH2), 7.28–7.94 (m, 3H, Ar–H) and 12.65 (brs, 1H, NH); 13C NMR
(DMSO-d6): d ¼ 26.38 (CH2), 108.17, 108.35 (d, 2JCF ¼ 27 Hz),
114.34, 114.50 (d, 2JCF ¼ 24 Hz) 115.14 (CN), 121.87, 121.94 (d,
3JCF ¼ 10.5 Hz), 132.76, 132.83 (d, 3JCF ¼ 10.5 Hz), 145.12,
157.56, 158.08, 159.68 (Ar–C) and 162.99 (CO); MS (EI): m/z (%)
235 (M+, 64.99), 236 (M+ + 1, 7.94). HRMS (EI): m/z calcd for
C10H6FN3OS (M+) 235.0210, found 235.0210.
General procedure for the preparation of 6-amino-1-(benzothiazol-
2-yl)-2-oxo-4-arylpyridine-3,5-dicarbonitrile derivatives 7a–i

Mixtures of cyanoacetamide derivatives 4a and b (5 mmol),
arylidene malononitrile 5a–h (5 mmol) and L-proline (0.5 mmol,
10 mol%) in ethanol (20 mL) were sonicated in an MKC6,
Guyson ultrasonic bath (Model-MKC6, operating frequency 38
kHz� 10% and output power of 110 W) for 20 minutes at 80 �C.
The reaction was followed by TLC and continued until the
starting substrates were completely consumed, then le to cool
to room temperature. In each case, the solid product formed
aer cooling to room temperature was separated by ltration,
washed with ethanol, dried and recrystallized from the appro-
priate solvent to give the pure products 7a–i.

6-Amino-1-(benzothiazol-2-yl)-2-oxo-4-phenyl-1,2-dihy-
dropyridine-3,5-dicarbonitrile(7a).47 Creamy white crystals,
yield: 1.75 g (95%), mp 300–302 �C; IR (KBr): n/cm�1 3321
(NH2), 2210 (CN), 1677 (CO); 1H NMR (DMSO-d6): d ¼ 7.59–
7.65 (m, 7H, Ar–H), 8.12 (d, J ¼ 8.4 Hz, 1H, Ar–H), 8.22 (d, J ¼
8.4 Hz, 1H, Ar–H) and 8.71 ppm (s, 2H, NH2);

13C NMR
(DMSO-d6): d ¼ 75.84 (C5), 87.68 (C3), 114.53, 114.96, 122.10,
123.23, 125.97, 126.10, 127.39, 128.20, 129.99, 134.21, 136.34,
149.12, 154.09, 156.50, 158.67 and 162.03 ppm (Ar–C and
CO); MS (EI):m/z (%) 370 (M+ + 1, 26.84), 369 (M+, 100); HRMS
(EI): m/z calcd for C20H11N5OS (M+) 369.0679, found
369.0679. Crystal data, moiety formula: C20H11N5OS, M ¼
369.40, triclinic, a ¼ 6.43370(10) Å, b ¼ 11.1793(3) Å, c ¼
12.2318(3) Å, V ¼ 872.02(3) Å3, a ¼ 93.9110(10)�, b ¼
94.6660(10)�, g ¼ 94.2320(10)�, space group: P�1, Z ¼ 2, Dcalc ¼
1.407 g cm�3, no. of reection measured ¼ 14 792, qmax ¼
66.44�, R1 ¼ 0.0347 (CCDC 1858431).52

6-Amino-1-(benzothiazol-2-yl)-2-oxo-4-p-tolyl-1,2-dihydropyridine-
3,5-dicarbonitrile (7b).47 Creamy white crystals, yield: 1.74 g (91%),
mp 300–301 �C; IR (KBr): n/cm�1 3319 (NH2), 2224, 2211 (CN), 1674
37614 | RSC Adv., 2018, 8, 37606–37617
(CO); 1H NMR (DMSO-d6): d ¼ 2.42 (s, 3H, CH3), 7.42–7.63 (m, 6H,
Ar–H), 8.13 (d, J ¼ 7.2 Hz, 1H, Ar–H), 8.25 (d, J ¼ 7.2 Hz, 1H, Ar–H)
and 8.76 ppm (s, 2H, NH2);

13C NMR (DMSO-d6): d ¼ 20.99 (CH3),
75.83 (C5), 87.51 (C3), 115.37, 115.94, 122.83, 123.69, 126.27, 126.42,
127.88, 129.22, 131.54, 137.35, 140.43, 149.98, 154.29, 156.88, 159.33
and 162.51 ppm (Ar–C and CO); MS (EI):m/z (%) 384 (M+ + 1, 25.97),
383 (M+, 100); HRMS (EI): m/z calcd for C21H13N5OS (M+) 383.0835,
found 383.0835. Crystal data, moiety formula: C21H13N5OS, M ¼
383.43, sum formula: C24H20N6O2S, M ¼ 456.52, triclinic, a ¼
9.3107(2) Å, b ¼ 10.8553(2) Å, c ¼ 12.3036(3) Å, V ¼ 1117.81(4) Å3,
a ¼ 71.3360(10)�, b ¼ 71.5960(10)�, g ¼ 84.7560(10)�, space group:
P�1, Z¼ 2,Dcalc¼ 1.356 g cm�3, no. of reectionmeasured¼ 13 761,
qmax ¼ 66.66�, R1 ¼ 0.0725 (CCDC 1858432).53

6-Amino-1-(benzothiazol-2-yl)-4-(4-methoxyphenyl)-2-oxo-1,2-
dihydropyridine-3,5-dicarbonitrile (7c).47 Creamy white crystals,
yield: 1.84 g (92%), mp above 300 �C; IR (KBr): n/cm�1 3311 (NH2),
2214 (CN), 1677 (CO); 1H NMR (DMSO-d6): d ¼ 3.87 (s, 3H, OCH3),
7.16 (d, J¼ 8.0 Hz, 2H, Ar–H), 7.56–7.65 (m, 4H, Ar–H), 8.13 (d, J¼
7.2 Hz, 1H, Ar–H), 8.25 (d, J ¼ 7.2 Hz, 1H, Ar–H) and 8.76 ppm (s,
2H, NH2);

13C NMR (DMSO-d6): d¼ 55.37 (OCH3), 75.82 (C5), 87.40
(C3), 114.03, 115.56, 116.14, 122.81, 123.69, 126.29, 126.44, 129.85,
137.32, 149.96, 154.33, 156.89, 159.41, 160.98 and 162.14 ppm (Ar–
C and CO); MS (EI): m/z (%) 400 (M+ + 1, 27.12), 399 (M+, 100);
HRMS (EI): m/z calcd for C21H13N5O2S (M+) 399.0784, found
399.0784.

6-Amino-1-(benzothiazol-2-yl)-4-(4-chlorophenyl)-2-oxo-
1,2-dihydropyridine-3,5-dicarbonitrile (7d).47 Creamy white
crystals, yield: 1.75 g (87%), mp above 300 �C; IR (KBr): n/
cm�1 3329 (NH2), 2224, 2210 (CN), 1678 (CO); 1H NMR
(DMSO-d6): d ¼ 7.58–7.66 (m, 4H, Ar–H), 7.70 (d, J ¼ 7.6 Hz,
2H, Ar–H), 8.13 (d, J ¼ 7.6 Hz, 1H, Ar–H), 8.26 (d, J ¼ 7.6 Hz,
1H, Ar–H) and 8.82 ppm (s, 2H, NH2);

13C NMR (DMSO-d6):
d ¼ 75.87 (C5), 87.65 (C3), 115.14, 115.70, 122.86, 123.72,
126.30, 126.44, 128.91, 129.87, 133.31, 135.35, 137.36, 150.02,
154.14, 156.85, 159.17 and 161.33 ppm (Ar–C and CO); MS
(EI): m/z (%) 405 (M+ + 2, 37.45), 404 (M+ + 1, 51.95), 403 (M+,
100); HRMS (EI): m/z calcd for C20H10ClN5OS (M+) 403.0289,
found 403.0288. Crystal data, moiety formula: C20H10ClN5OS,
M ¼ 403.84, triclinic, a ¼ 6.4441(8) Å, b ¼ 12.311(2) Å, c ¼
12.747(2) Å, V ¼ 873.1(2) Å3, a ¼ 61.344(5)�, b ¼ 80.031(6)�, g
¼ 83.005(6)�, space group: P�1, Z ¼ 2, Dcalc ¼ 1.536 g cm�3, no.
of reection measured ¼ 8558, qmax ¼ 54.9�, R1 ¼ 0.0349
(CCDC 1858433).54

6-Amino-1-(benzothiazol-2-yl)-4-(4-nitrophenyl)-2-oxo-1,2-
dihydropyridine-3,5-dicarbonitrile (7e).47 Yellow crystals,
yield: 1.86 g (90%), mp above 300 �C; IR (KBr): n/cm�1 3297
(NH2), 2216 (CN), 1679 (CO);

1H NMR (DMSO-d6): d¼ 7.59–7.67
(m, 2H, Ar–H), 7.90 (d, J¼ 8.0 Hz, 2H, Ar–H), 8.14 (d, J¼ 7.6 Hz,
1H, Ar–H), 8.26 (d, J ¼ 7.6 Hz, 1H, Ar–H), 8.47 (d, J ¼ 8.0 Hz,
2H, Ar–H) and 8.92 ppm (s, 2H, NH2);

13C NMR (DMSO-d6): d ¼
75.83 (C5), 87.69 (C3), 115.00, 115.55, 122.97, 123.84, 124.10,
126.43, 126.56, 129.72, 137.46, 140.83, 148.67, 150.14, 154.11,
156.98, 159.14 and 160.61 ppm (Ar–C and CO); MS (EI):m/z (%)
415 (M+ + 1, 30.02), 414 (M+, 100); HRMS (EI): m/z calcd for
C20H10N6O3S (M+) 414.0530, found 414.0530.

6-Amino-1-(benzothiazol-2-yl)-4-(3-nitrophenyl)-2-oxo-1,2-
dihydropyridine-3,5-dicarbonitrile (7f). Pale yellow crystals,
This journal is © The Royal Society of Chemistry 2018
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yield: 1.84 g (89%), mp above 300 �C; IR (KBr): n/cm�1 3328
(NH2), 2209 (CN), 1676 (CO); 1H NMR (DMSO-d6): d ¼ 7.59–7.66
(m, 2H, Ar–H), 7.94 (t, J ¼ 7.8 Hz, 1H, Ar–H), 8.06 (d, J ¼ 7.8 Hz,
1H, Ar–H), 8.13 (d, J¼ 7.8 Hz, 1H, Ar–H), 8.24 (d, J¼ 7.8 Hz, 1H,
Ar–H), 8.45–8.48 (m, 2H, Ar–H), and 8.88 ppm (s, 2H, NH2);

13C
NMR (DMSO-d6): d ¼ 76.01 (C5), 87.82 (C3), 114.74, 115.24,
122.59, 122.73, 123.59, 124.99, 126.20, 126.32, 130.58, 134.37,
135.87, 136.99, 147.56, 149.79, 153.93, 156.74, 158.84 and
159.89 ppm (Ar–C and CO); MS (EI): m/z (%) 415 (M+ + 1, 27.34),
414 (M+, 100); HRMS (EI): m/z calcd for C20H10N6O3S (M+)
414.0530, found 414.0531.

6-Amino-1-(benzothiazol-2-yl)-4-(2,4-dimethoxyphenyl)-
2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (7g). Yellow
crystals, yield: 2.05 g (96%), mp above 300 �C; IR (KBr): n/cm�1

3308 (NH2), 2216 (CN), 1675 (CO);
1H NMR (DMSO-d6): d¼ 3.89

(s, 3H, OCH3), 3.92 (s, 3H, OCH3), 6.71 (s, 1H, Ar–H), 6.75 (d, J
¼ 8.4 Hz, 1H, Ar–H), 7.30 (t, J ¼ 7.8 Hz, 1H, Ar–H), 7.45 (t, J ¼
7.8 Hz, 1H, Ar–H), 8.04 (d, J ¼ 7.8 Hz, 1H, Ar–H), 8.20–8.25 (m,
2H, Ar–H) and 8.78 ppm (s, 2H, NH2);

13C NMR (DMSO-d6): d ¼
55.94, 56.31 (2OCH3), 75.80 (C5), 87.34 (C3), 98.36, 107.70,
113.12, 114.18, 115.24, 116.49, 121.84, 122.98, 123.82, 125.95,
126.40, 130.47, 147.69, 153.81, 161.31, 161.34, 162.68 and
165.87 ppm (Ar–C and CO); MS (EI): m/z (%) 430 (M+ + 1,
30.08), 429 (M+, 100); HRMS (EI): m/z calcd for C22H15N5O3S
(M+) 429.0890, found 429.0891.

6-Amino-1-(benzothiazol-2-yl)-2-oxo-4-(thiophen-2-yl)-
1,2-dihydropyridine-3,5-dicarbonitrile (7h). Yellowish green
crystals, yield: 1.68 g (90%), mp above 300 �C; IR (KBr): n/cm�1

3307 (NH2), 2213 (CN), 1671 (CO); 1H NMR (DMSO-d6): d ¼
7.31–7.61 (m, 4H, Ar–H), 7.99 (d, J ¼ 4.4 Hz, 1H, Ar–H), 8.12 (d,
J ¼ 7.6 Hz, 1H, Ar–H), 8.24 (d, J ¼ 7.6 Hz, 1H, Ar–H) and
8.77 ppm (s, 2H, NH2);

13C NMR (DMSO-d6): d ¼ 75.73 (C5),
87.42 (C3), 115.48, 116.00, 122.83, 123.68, 126.27, 126.42,
127.82, 130.87, 131.20, 133.15, 137.35, 149.92, 154.20, 154.44,
156.97 and 159.27 ppm (Ar–C and CO); MS (EI): m/z (%) 376
(M+ + 1, 27.05), 375 (M+, 100); HRMS (EI): m/z calcd for
C18H9N5OS2 (M

+) 375.0243, found 375.0242.
6-Amino-4-(4-chlorophenyl)-1-(6-uorobenzothiazol-2-yl)-

2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (7i). Creamy
white crystals, yield: 1.98 g (94%), mp above 300 �C; IR (KBr):
n/cm�1 3317 (NH2), 2225, 2214 (CN), 1678 (CO); 1H NMR
(DMSO-d6): d ¼ 7.51 (d, J ¼ 8.8 Hz, 1H, Ar–H), 7.61 (d, J ¼
8.0 Hz, 2H, Ar–H), 7.70 (d, J¼ 8.0 Hz, 2H, Ar–H), 8.14–8.18 (m,
2H, Ar–H) and 8.81 ppm (s, 2H, NH2);

13C NMR (DMSO-d6):
d ¼ 75.95 (C5), 87.70 (C3), 109.04, 109.31 (d, 2JCF ¼ 27 Hz),
115.11, 115.36 (d, 2JCF ¼ 25 Hz) 115.23, 115.78, 125.31, 125.41
(d, 3JCF ¼ 10.0 Hz), 129.00, 129.94, 133.37, 135.45, 138.73,
138.84 (d, 3JCF ¼ 11.0 Hz), 146.96, 154.16, 156.95, 159.04,
159.25 (Ar–C) and 161.42 ppm (Ar–C and CO); MS (EI): m/z
(%) 423 (M+ + 2, 38.12), 422 (M+ + 1, 56.89), 421 (M+, 100);
HRMS (EI): m/z calcd for C20H9ClFN5OS (M+) 421.0195, found
421.0196. Crystal data, moiety formula: C20H9ClFN5OS, M ¼
421.83, triclinic, a ¼ 6.6752(3) Å, b ¼ 11.0006(6) Å, c ¼
13.2731(8) Å, V ¼ 884.07(8) Å3, a ¼ 67.007(3)�, b ¼ 80.203(3)�,
g ¼ 85.509(3)�, space group: P�1, Z ¼ 2, Dcalc ¼ 1.585 g cm�3,
no. of reection measured ¼ 12 731, qmax ¼ 66.14�, R1 ¼
0.0465 (CCDC 1858434).55
This journal is © The Royal Society of Chemistry 2018
(E)-N-(Benzothiazol-2-yl)-2-cyano-3-[4-(dimethylamino)phenyl]
acrylamide (9)

A mixture of the cyanoacetamide derivative 4a (5 mmol), aryli-
dene malononitrile 8 (5 mmol) or 4-(dimethylamino)benzalde-
hyde (5 mmol), and L-proline (0.5 mmol, 10 mol%) in ethanol (20
mL) was sonicated in an MKC6, Guyson ultrasonic bath (Model-
MKC6, operating frequency 38 kHz � 10% and output power of
110 W) for 20 minutes at 80 �C. The reaction was monitored by
TLC and continued until the starting substrates were completely
consumed, then le to cool to room temperature. In each case,
the solid product formed aer cooling to room temperature was
separated by ltration, washed with ethanol, dried and recrys-
tallized from ethanol/dioxane mixture (1 : 1) to give 9 as the pure
product. Orange crystals, yield: 1.69 g (97%), mp above 300 �C; IR
(KBr): n/cm�1 3400 (NH2), 2198 (CN), 1679 (CO);

1H NMR (DMSO-
d6): d¼ 3.07 (s, 6H, 2CH3), 6.84 (d, J¼ 8.4 Hz, 2H, Ar–H), 7.32 (t, J
¼ 7.6 Hz, 1H, Ar–H), 7.46 (t, J ¼ 7.6 Hz, 1H, Ar–H), 7.65 (d, J ¼
7.6 Hz, 1H, Ar–H), 7.93–7.95 (m, 3H, Ar–H), 8.30 (s, 1H, arylidene
C–H) and 12.94 ppm (s, 1H, NH); 13C NMR (DMSO-d6): d ¼ 40.64
(2CH3) 98.23, 112.24, 118.16, 118.24, 119.40, 122.32, 124.11,
126.88, 130.40, 133.77, 144.35, 152.37, 154.15, 162.47 and
166.20 ppm (Ar–C and CO); MS (EI): m/z (%) 349 (M+ + 1, 9.05),
348 (M+, 33); HRMS (EI):m/z calcd for C19H16N4OS (M

+) 348.1039,
found 348.1039.
General procedure for the preparation of 1-(benzothiazol-2-yl)-
6-hyroxy-2-oxo-4-arylpyridine-3,5-dicarbonitrile derivatives
11a–c

Mixtures of the cyanoacetamide derivative 4a (5 mmol), ethyl-2-
cyano-3-arylacrylate 10a–c (5 mmol) and L-proline (0.5 mmol,
10 mol%) in ethanol (20 mL) were sonicated in an MKC6,
Guyson ultrasonic bath (Model-MKC6, operating frequency 38
kHz � 10% and an output power of 110 W) for 20 minutes at
80 �C. The reaction was controlled by TLC and continued until
the starting substrates were completely consumed, then le to
cool to room temperature. In each case, the solid product
formed aer cooling to room temperature was separated by
ltration, washed with ethanol, dried and recrystallized from
ethanol to give 11a–c as pure products.

1-(Benzothiazol-2-yl)-6-hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-
3,5-dicarbonitrile (11a). Creamy white crystals, yield: 1.72 g (93%),
mp above 300 �C; IR (KBr): n/cm�1 3159 (OH), 2225 (CN), 1677
(CO); 1H NMR (DMSO-d6): d ¼ 7.36–7.38 (m, 2H, Ar–H), 7.49–
7.55 (m, 5H, Ar–H), 8.07 (d, J ¼ 8.4 Hz, 1H, Ar–H), 8.56 (d, J ¼
8.4 Hz, 1H, Ar–H) and 13.23 ppm (s, 1H, OH); 13C NMR (DMSO-
d6): d ¼ 89.09 (C5), 102.79 (C3), 115.17 (CN), 118.56, 123.27,
123.32, 126.97, 127.01, 127.44, 127.96, 128.63, 135.78, 136.54,
154.33, 156.56, 161.31 and 165.97 ppm (Ar–C and CO); MS (EI):
m/z (%) 371 (M+ + 1, 28.12), 370 (M+, 100); HRMS (EI): m/z calcd
for C20H10N4O2S (M+) 370.0519, found 370.0521.

1-(Benzothiazol-2-yl)-6-hydroxy-2-oxo-4-p-tolyl-1,2-
dihydropyridine-3,5-dicarbonitrile (11b). Creamy white crystals,
yield: 1.84 g (96%), mp above 300 �C; IR (KBr): n/cm�1 3167
(OH), 2223 (CN), 1672 (CO); 1H NMR (DMSO-d6): d¼ 2.44 (s, 3H,
CH3), 7.27–7.31 (m, 4H, Ar–H), 7.49–7.54 (m, 2H, Ar–H), 8.01 (d,
J ¼ 7.8 Hz, 1H, Ar–H), 8.58 (d, J ¼ 7.8 Hz, 1H, Ar–H) and
RSC Adv., 2018, 8, 37606–37617 | 37615
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12.80 ppm (s, 1H, OH); 13C NMR (DMSO-d6): d ¼ 20.60 (CH3),
97.72 (C5), 102.78 (C3), 114.70 (CN), 118.29, 122.82, 123.01,
126.66, 126.74, 127.06, 128.15, 133.28, 135.48, 137.75, 153.94,
156.11, 159.48, 161.19 and 165.52 ppm (Ar–C and CO); MS (EI):
m/z (%) 385 (M+ + 1, 26.54), 384 (M+, 100); HRMS (EI): m/z calcd
for C21H12N4O2S (M+) 384.0675, found 384.0677.

1-(Benzothiazol-2-yl)-4-(4-chlorophenyl)-6-hydroxy-2-oxo-1,2-
dihydropyridine-3,5-dicarbonitrile (11c). Creamy white crystals,
yield: 1.78 g (88%), mp above 300 �C; IR (KBr): n/cm�1 3180
(OH), 2221 (CN), 1673 (CO); 1H NMR (DMSO-d6): d ¼ 7.43 (d, J¼
8.4 Hz, 2H, Ar–H), 7.49–7.55 (m, 2H, Ar–H), 7.59 (d, J ¼ 8.4 Hz,
2H, Ar–H), 8.08 (d, J¼ 8.2 Hz, 1H, Ar–H), 8.58 (d, J¼ 8.2 Hz, 1H,
Ar–H) and 13.31 ppm (s, 1H, OH); 13C NMR (DMSO-d6): d ¼
98.11 (C5), 102.83 (C3), 115.13 (CN), 118.63, 123.32, 123.34,
127.11, 127.52, 128.18, 129.08, 133.52, 135.44, 135.72, 154.32,
156.65, 160.06, 162.34 and 166.07 ppm (Ar–C and CO); MS (EI):
m/z (%) 406 (M+ + 2, 40.02), 405 (M+ + 1, 46.11), 404 (M+, 100);
HRMS (EI): m/z calcd for C20H9ClN4O2S (M+) 404.0129, found
404.0129.

N-(Benzothiazol-2-yl)-2-oxo-6-phenyl-1,2-dihydropyridine-3-
carboxamide (17). A solution of cyanoacetamide 4a (1.09 g, 5
mmol) and enaminone 13 (0.9 g, 5 mmol) in AcOH (15 mL)
containing anhydrous sodium acetate (1.0 g) was sonicated in
an MKC6, Guyson ultrasonic bath (Model-MKC6, operating
frequency 38 kHz � 10% and output power of 110 W) for 40
minutes at 80 �C. The reaction was monitored by TLC and
continued until the starting substrates were completely
consumed, then le to cool to room temperature. The solid
product formed aer cooling to room temperature was sepa-
rated by ltration, washed with ethanol, dried and recrystallized
from an ethanol/dioxane (1 : 2) mixture, to give 17 as orange
crystals, yield: 1.35 g (78%), mp above 300 �C; IR (KBr): n/cm�1

3335, 3284 (2NH), 1681, 1654 (2CO); 1H NMR (DMSO-d6): d ¼
6.98 (d, J ¼ 7.2 Hz, 1H, H-5), 7.31 (t, J ¼ 7.2 Hz, 1H, Ar–H), 7.44
(t, J ¼ 7.2 Hz, 1H, Ar–H), 7.54–7.6 (m, 3H, Ar–H), 7.77 (d, J ¼
7.8 Hz, 1H, Ar–H), 7.85 (d, J ¼ 8.0 Hz, 2H, Ar–H), 7.99 (d, J ¼
7.8 Hz, 1H, Ar–H), 8.54 (d, J¼ 7.2 Hz, 1H, H-4), 13.22 (s, 1H, NH)
and 13.59 ppm (s, 1H, NH); 13C NMR (DMSO-d6): d ¼ 106.32,
115.48 (CN), 120.71, 121.81, 123.74, 126.26, 127.79, 129.04,
131.32, 131.74, 131.85, 145.47, 148.69, 152.49, 157.05, 162.15
and 163.54 ppm (Ar–C and CO); MS (EI): m/z (%) 348 (M+ + 1,
9.12), 347 (M+, 38.79), HRMS (EI): m/z calcd for C19H13N3O2S
(M+) 347.0723, found 347.0724.
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